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* NASA Earth Science Data System Tools and
Services: Opportunities Abound



Earth Observing System
(EOS) Missions

* Provides long-term global
observations

e Land surface
e Biosphere

* Oceans

e Atmosphere

e Solid Earth

From: http://science.hg.nasa.gov/earth-sun/applications/

science_for_society-brochure.pdf




AIRS - Ozone, Carbon Traces
MODIS - Ozone, Aerosols
MISR - Aerosols

MOPITT - Carbon Traces
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Earth Observing System (EOS) Missions

Current missions and measurements specifically useful to Public Health
applications (Note: Bad air quality is a public health hazard):

e Aura (comprised of the HIRDLS, MLS, OMI, TES instruments) -
Atmospheric Composition

e TOMS - Ozone

e Calipso - Aerosols

e AIRS - Ozone, Carbon Traces, Humidity
e AMSR-E - Soil Moisture

e MODIS - Ozone, Aerosols, Temperature, Humidity, Vegetation
Moisture

e MISR - Aerosols

e MOPITT - Carbon Traces
e TRMM - Precipitation

e SORCE - Solar irradiance



e Uses model to assimilate satellite and in situ data

* 1979 to present
* Relevant products: Precipitation, Temperature. Ozone, Humidity

e North American (NLDAS) and Global (GLDAS) Land
Data Assimilation System (http://ldas.gsfc.nasa.gov/)

e Reanalysis and forecast simulations by numerical weather
prediction (NWP) models

e Relevant Products: Soil Moisture, Precipitation
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http://aura.gsfc.nasa.gov/science/



Rains Soak the Southeast

Rain Accumulation {(mm)
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MISR observations
Dec - Feb began 24 February

Mar - May

Jun - Aug

Sep - Nov
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http://www-misr.jpl.nasa.qgov/
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NASA Earth Science Data Centers

(aka Distributed Active Archive Centers)

NSIDC SEDAC
Human Interactions in
C osphere LP DAAC'EDC
ASF PolarlyProcesses Land Processes il e
SAR Products & Features

Sea lce
Polar Processes

GES DISC-GSFC
Upper Atmosphere
Atmospheric Dynamics,
Hydrology, Global
Modeling,
Radiance Data

| ASDC-LaRC
Radiation Budget, Clouds
Aerosols, Tropospheric

Chemistry
Cp,
e GHRC ~ ORNL
PODAAC-JPL ’ Hydrologic Cycle Biogeochemical
i i Dynamics
Ocean Circulation & Severe Weather S
Air-Sea Interactions EOS Land Validation




ort...

Our mission is to:
ENABLE EARTH SCIENCE RESEARCH



e Operate systems that perform core functions
* Provide Science data user support for core functions

e Provide POC for user problem resolution

e Provide system/sustaining engineering

e Provide data documentation

e Collect and report metrics

e Support Long Term Archive (LTA) development

* Provide data stewardship — Data archive for other data archives
e Perform to required standards



EOSDIS Evolution Approach at the GES DISC

(Evolution will be complete 12/21/07)

Current System Characteristics

Evolved System Characteristics

EOSDIS Core System (ECS)

Simple, Scalable, Script-based Science
Processor for Archives (S4PA) technology

Generalized interface(s)

Discipline-specific interfaces in addition to
generalized interface(s)

Tape archive
- All products archived

- Order data for delivery

Disk archive

- Some products processed on demand
(virtual products)

- Download data automatically upon choosing

Search and order tools

Tools to find, explore, and analyze data

Distribute standard products

Distribute lower volume tailored products

System changes require long lead time

System changes implemented quickly according
to priority within given budget cap

Steward data

Steward data




Key to EOSDIS Evolution

low-moderate volume data 3
et Y Anomymous
FTP




The Knowledge Discovery in Databases (KDD)
Process

KDD: The nontrivial process of identifying valid, novel, potentially
useful, and ultimately understandable patterns in data (Fayyad, 1996)

Data
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Continuous
Global Data
Products

* - Spatial & temporal
resolution of data
- Region & time period of
interest
- Interpretation of the data™*

** Collaborations between remote
sensing data scientists,
information managers, and
information recipients

For area (Lat: 36.0N-42.0N, Lon: 110W—100W)

Information Integration **

Specific

Information

(Lat: 36.0N-42.0N, Lon: 110W—100W)
(0ct2605-Mar2006)

o8] - Linear. Least Squares Fit:
Y- 09622 X + 0.0373

b

1_(Day_and_Night)(unitless)

1 Cloud_Fraction

MODIS_Aqua,

-
1
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'

s, O Glean
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http://www.co.el-dorado.ca.us/emd/envhealth/wnv.html



ovant

On-the-fly subsetting (FTP-based)
On-demand subsetting (S4PM-based)

Data mining within Near-line Archive Data Mining
(NADM) system

Algorithm running within the main production system
(S4PM)



SEARCH MIRADOR

Keywords:  ARS Humidty D=

Location:  Boulder Coloradob¢

Time Span:C2006-01-01 to 15 Apr 2006 D~
Event:

SEARCH MIRADOR

Keywords:  AIRS Humidity

Location:

Time Span: to

@: hurricane katrina >

(" Search GES-DISC )

Flexible date format for
time search

Event gazetteer for spatio-
temporal search



Kevword: ARS
Location: 25N 50N 125w 65W Coverage Map
Event:

Time Span: 5002-07-01 'to 2006-07-0123:5959 | (_Search GES-DISC )

B

‘Data Sets

: ST
Results 1 - 10 of 18 far AIRS (1 seconds)

(4] AIRX2RET AIRS/Aqua FINAL Level 2 Products
Approx. 23719 files found ( 119.01 GB )
Parameters: Cloud Vertical Distribution, Surface Pressure, Ozone, Sea Surface
Temperature, Emissivity, Reflectance, Skin Temperature...
Spatial Resolution: 50 km x 50 km
Temporal Resolution: Twice per day (daytime and nighttime)

.0 AIRX2S)P AIRS/Aqua Level-2 Support Product

)

Approx: 23719 files found ( 443.64 GB )

Parameters: Outgoing Longwave Radiation, Precipitation Rate, Surface Pressure, Methane,
Carbon Dioxide, Carbon Monoxide, Surface Air Tempe...

Spatial Resolution: 50km x 50km

Temporal Resolution: Twice per day (daytime and nighttime)

- ATDV/RD ATY ATDC/A Aana vicihla aanlanatad endiansac
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File Edit View Go Bookmarks Tools Help

) Parameter Information Page - Mozilla Firefox

Parameter Name: Nitrogen Dioxids

Nitrogen Peroxide, NO;

Nitrogen dioxide (NOy). 2 brownish highly reactive gas, is one of the six major regulated criteria pollutant gas that can cause acute
respiratory illness. Though It is found at all levels in the atmosphere, it is dense near the surface and comes mainly from vehicle
exhaust and fuel combustion sources. In the troposphere it photodissociates to give free oxygen atoms, which can produce ground level
ozone (smog). It also produces corrosive Nitric Acid. In the sratosphere it takes part in the catalytic ozone reduction cycle.

(3) Health and Environment
(2) Monitoring of Human Induced Pollutants (4) Atmospheric Chemistry Models

(1) Air Quality

To find all the products that contain data for the parameters listed on thiz page or a closely relatsd paramstsr click on this link To view and access products
Jrom just ons specific sensor click on corresponding 'data access' link in the tabls below.

LIMS

Data Coverage
Parameter Units Faxtfurm/ i Data Access Dt
Instrument Begin End Date : Document
Date
NO; total and tropospheric verticle column and lecules’ .
stant colum densities(ground pisel resolution, | 5 [Aua OMI  [2004.07-15|Current | SEEESEE Y
13x24 km at nadir) —
NO; mixing ratios at.different pressure levels — ura ERDLS 2004.07-15 lCurrent ex&:ed _end -
(ground pixel resolution) — of 2005 =
UARS/ CLAES |1991-10-25[1993-05-05 Y Y
. . . UARS/ : .
NO; mixing ratios at different pressurs levels SALOE 1801-10-11[2004-04-11 Y Y
(Global Gridded, at equal intervals of latitude/  [vmr —_— N > - -
or equal intervals of time UT-'&RS‘ ISAMS [1991-09-261992-07-29 Y Y
Nimbus- T 119781025 [1985-05-01 Y Y




e No need to retrieve and process data

e Everything is done via a regular Web browser

e Intuitive user-friendly interfaces customized for various
disciplines

e Several statistical analysis options provided

Over 15,000 Giovanni page views in April



e Arrive at a conclusion

e Generate graphs suitable for a publication

Caution: Giovanni 1s an exploration tool



Global and Regional Archives (research quality)

Daily Rainfall

This interface is designed for visualization and analysis of the Daily Rainfall. Users can generate plots or
ASCII Output for area average (Lat-Lon Map), time series (Time Series), and Hovmoller diagram. The

animation is available for Lat-Lon Maps. Selecting here or the Help buttons will open a new window with
detailed help. Mor: tails about th ta are al vailable.

Alert: A new window may be opened when a link or a button is selected below.

Click and drag to select area; or input latitudes (-50, 50) and longitudes (-180 ~ 180) or
Click for non Java/JavaScript version
More information on su rted browsers and platforms

North latitude

43.0 W
West East
[126.0 W 72.0 W

» Correlations
e « Virtual products
« ASCII Output

Daily TRMM 3B42(V6) mm‘:f(@gxm?mmmy ‘

Plot Type: (Tlme-Lon Hovmoller, Lat-averaged ﬁ

Begin date : (1998[3) ‘February %) (281%)  (Data Begin: 1998/01/01)

End date: (3006 3) ‘February %) 280%) (pata End: 2006/02/28)

O pre-defined
Color_Options: ® Dynamic
O Customized (linear only): Min Max
Time Series Plot @ Dynamic o
Y-Axis Options: ) Customized: Min 3

Max Interval
ASCII Output Resolution (°): f0.25x0.25 B

(Generate Plot) (ASCII Output) (Raet Form)




OMI Online Visualization and Analysis
Aura OMI Level 2G Daily Global Products (Beta)
(for advanced users)

Lat-Lon Map, Time-averaged

Aura OMI L2G Effective Surface Reflectivity at 360 nm [%]
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AIRS Online Visualization and Analysis

AIRS Daily Global Level 3 Products

Lon-Pressure Cross-section, Lat-averaged

Daily AIRS Temperature Ascending/Daytime|Kelvin]
(% 1Feb2006—12Feb2008) Avg Lats:22ZN—57N

280
10 270
£~}
418 260
£
ot a0 250
=
@ 50 240
2z
[ 230
100
150 220
00
AR 210
300
400
L
i

a3 O g B4l 21 TE Fol T2 Gl G
Longitude



AIRS Online Visualization and Analysis

AIRS Daily Global Level 3 Products

Vertical Profile, Parameter vs. Pressure

Daily AIRS Tamperature hscending/Daytime [Kelvin]
(11Feb2006—12Feb2006) @ (Lat:22N—57N, Lon:94W—B4W)

Pressure (hPa)
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Giovanni MODIS Collection 4 Online Visualization and Analysis
(MOVAS)

MODIS/Aqua Atmosphere Daily Global Product (MYDO03_D3)

Time-Lon Hovmoller, Lat-averaged

Aqua Cloud Optical Thickness lce Phase (Daytime) [unitless] (Avg Lats:22.0WN—57.0K)
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Giovanni MODIS Collection 4 Daily Multi-parameter Intercomparison
System

MODIS Terra/Aqua Atmosphere Daily Global Products
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) Earth Probe TOMS Daily Global 1.0°x1.25° Products - Mozilla Firefox =[0| x|

File Edit View Go Bookmarks Tools Help

TOMS Online Visualization and Analysis

Earth Probe TOMS Daily Global 1.0°x1.25° Products

Time plot of area averaged parameter

For area {Lat: 27.0N—44.0N, Lon: 130W—100W)
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) Earth Probe TOMS Daily Global 1.0°x1.25° Products - Mozilla Firefox =10 x|

File Edit View Go Bookmarks Tools Help

TOMS Online Visualization and Analysis

Earth Probe TOMS Daily Global 1.0°x1.25° Products

Time plot of area averaged parameter

For area (Lat: 27.0N—44.0N, Lon: 130W—100W)
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) Mozilla Firefox =10 x|

File Edit View Go Bookmarks Tools Help

|»

TOMS Online Visualization and Analysis

Earth Probe TOMS Daily Global 1.0°x1.25° Products

Date: From 1998-03-21 to 1998-04-21 (Maximum of 366 images can be displayed in a loop)
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¥ Mozilla Firefox

File Edit View Go Bookmarks Tools Help

TOMS Online Visualization and Analysis

Earth Probe TOMS Daily Global 1.0°x1.25° Products

Date: From 1998-03-21 to 1998-04-21 (Maximum of 366 images can be displayed in a loop)

Column_Amount_0zone[DU]
129Mar1398)

=10l x|

126U 1230 117 114\ 1111 108 195

100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500
GraDS: COLA/IGES

{31} E(31) I Animaticn not weorking?

s | 1| <| 1] |

| play once ~1ls - |soeed + |8uttcn Description

102u

2005-02-23-17:24

|»




¥ Moxzilla Firefox
File Edit View Go Bookmarks Tools Help

=0l ]

=
TOMS Online Visualization and Analysis
Earth Probe TOMS Daily Global 1.0°x1.25° Products
Date: From 1998-03-21 to 1998-04-21 (Maximum of 366 images can be displayed in a loop)
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) Earth Probe TOMS Daily Global 1.0°x1.25° Products - Mozilla Firefox -0l x|

File Edit View Go Bookmarks Tools Help

TOMS Online Visualization and Analysis

Earth Probe TOMS Daily Global 1.0°x1.25° Products

Area plot of time averaged parameter
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e Download an FTP script generated by the system for selected
granules, and then initiate an FTP session to download all the
required subsets

e FTP directly to the online archive, and download subsets
by using special extensions



ours

e Users process output subsets themselves



Near-Archive Data Mining

Processing
Engine

GES DISC

Lynnes






User Tier 1

Users

umMmmMC
(GeoMedStat) Mold Level Estimation Product
Tier 2
Third Party Product Components —
: Estimation tput formats:
Weather Tem,",ﬁ’.,?r:zt“re * hn ?;It” dMIC"d * of Mold * ASCII, Spatial
Model Velocity oce Distribution Maps
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Tier 3
GES-DISC (Giovanni)
Parameter t t t £
Tier 4 ¥
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3—hourly TMPA—RT 00Z15Apr2007—-00Z216Apr2007
Accumnulated Rainfall [mm]

3—hourly TMPA—RT 00Z15Apr2007—-00Z16Apr2007
Average Rain Rate [mm/hr]
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Daily AIRS Relative Humidi

Daytime [%]
(01Apr2007—10Apr20
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ARS MLS simultaneously mapped key chemical constituents nitric acid, chlorine monoxide, and ozone
over the winter polar regions in both Northern (upper) and Southern (lower) Hemispheres where the

greatest ozone loss occurs. Aura MLS maps these and other chemicals with better coverage and larger
altitude range than UARS MLS. Credit: Michelle Santee



AIRS Level-3 8-Day Quicklook for Apr 08, 2007 - Apr 15, 2007

Surface Temperatures (deg K; ascending)
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OMI NO2 image showing the total column amount of nitrogen dioxide above the
USA east coast on 29 January2005 (Jim Gleason)
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Image credit: NASA/GSFC/LaRC/JPL, MISR Team.

Stenchikov, G., N. Lahoti, D.J. Diner, R. Kahn, P. Lioy, and P. Georgopoulos (2006): Multiscale
plume transport from the collapse of the World Trade Center on September 11, 2001. Environmental
Fluid Mech., doi 10.1007/s10652-006-9001-8.

MISR Smoke Plume Dispersal from the World
Trade Center Disaster

Scientists from the Environmental and
Occupational Health Science Institute Robert
Wood Johnson Medical School and Rutgers
University, in partnership with the Environmental
Protection Agency and NASA's Jet Propulsion
Laboratory created a detailed numerical model
showing pollutant dispersion from "Ground
Zero" to the surrounding New York - New Jersey
region. The researchers used models of
micrometeorological atmospheric circulation and
tracer transport, surface measurements, and
space-based observations from the high-
resolution Landsat imager and the Multi-angle
Imaging SpectroRadiometer (MISR) on NASA's
Terra satellite. JPL scientists used MISR stereo
images combined with ground-based
photographs of the plume, to determine the
plume height. A natural color MISR image
appears here (acquired by MISR's 70° forward-
viewing camera on September 12) along with
histograms of stereo-derived elevations at four
points (P1, P2, P3, P4) progressing from the
World Trade Center to about 70 kilometers
downwind. MISR also provided information
about plume evolution.




First Maps of Tropospheric Ozone & Carbon
Monoxide from TES
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Tropospheric Emission Spectrometer (TES) onboard the Aura satellite provides coincident measurements of
tropospheric ozone and carbon monoxide critical for understanding complex tropospheric chemical and
dynamical processes.

Note the high ozone (O,) coincident with carbon monoxide (CO) in the Tropics associated with biomass burning.

These maps illustrate the complexity using coincident measurements for three seasons - northern hemisphere
summer (JJA, top), fall (SON, middle) and winter (DJF, bottom). During SON and DJF, areas of high tropospheric
O, are colocated with areas of high CO. During JJA, in the tropics tropospheric O, is high and colocated with
high CO, but in the northern hemisphere, tropospheric O, is high but is not colocated with high CO.




MOPITT Captures Air Quality Emergency

Measurements of Pollution In The Troposphere (MOPITT) onboard the Terra spacecraft detected large amounts of
carbon monoxide released by fires in Malaysia. Carbon monoxide is a good tracer of pollution since it is
produced as a by-product of the combustion associated with wildfires and agricultural fires.

This image shows carbon monoxide concentrations for August 1 through August 15, 2005. The highest
concentrations, shown in red and yellow, are located over Malaysia where

In these regions, for every billion molecules in a column of the atmosphere, 240 are carbon monoxide molecules
By contrast, regions unaffected by haze have less than 120 molecules per billion. High concentrations of carbon
monoxide are a threat to human health.




The A-Train

The A-Train is a succession of six U.S. and international sun-synchronous
orbit satellites: OCO, Aqua, CloudSat, CALIPSO, PARASOL, and Aura

The A-Train formation allows for synergistic atmospheric coposition and
cloud measurements where data from several different satellites can be
used together to obtain comprehensive information about various key
atmospheric components or processes.
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A-Train Along CloudSat Track Beta Instance

Produces curtain plots (vertical profiles) of CloudSat atmospheric returns, and MODIS/Aqua absolute and dew
point atmospheric temperatures collocated with CloudSat track.

Select Constraints:
— Spatial

P

Map View: Ascending Orbits "+ | Range (kilometers) 3000
— Parameters
Click in the group title cell (left-most column) to select all parameters associated with the group; ctrl-click to de-select
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— Temporal
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Select Visualization:

| Subset Parameter vs. Pressure along Cloudsat Track & |

(Generate Visualization | ("Reset | Alert: A new window wil be opened when"Generate Visualzation” is selected.
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Calipso

(Demonstration data, not for science)
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